Aim: Galactosemia is a carbohydrate metabolism disorder with autosomal recessive inheritance. The most frequent enzyme deficiency is galactose-1-phosphate-uridylytransferase, which causes classic galactosemia. When the enzyme is absent, an infant cannot metabolize galactose-1-phosphate and it cumulates in liver, kidney, brain, tongue, lens, and skin. This study aimed to evaluate the clinical and molecular characteristics of patients with galactosemia, which is observed more frequently in our country than anywhere else in the world.
Introduction
Galactosemia is a congenital disorder caused by a deficiency of different enzymes in the metabolism of galactose, which is one of the monosaccharides. Three different enzymes are involved in the metabolism of galactose include galactose-1-phosphate uridyltransferase (GALT), galactokinase, and epimerase (1) . The most common enzyme deficiency is galactose-1-phosphate uridyltransferase deficiency, which causes classic galactosemia (1). Its worldwide incidence ranges between 1/40 000 and 1/80 000 (2) . Galactose-1-phosphate uridyltransferase deficiency (classic galactosemia) is inherited autosomal recessively. In seventy percent of the Caucasian race, Q188R and K285N missense mutations are present and related with severe morbidity (1) . Screening for carriers and prenatal diagnosis may be realized by way of direct enzyme analysis in the amniocytes and chorionic villi or DNA-based tests may be performed. In the absence of galactose-1-phosphate uridyltransferase (GALT), patients cannot metabolize galactose-1-phosphate. Increased galactose-1-phosphate accumulates in the liver, kidney, brain, tongue, lens, and cutaneous fibroblasts, and causes injury. In many patients, jaundice, hepatosplenomegaly, hepatic failure, feeding difficulties, hypoglycemia, renal tubular dysfunction, muscular hypotonia, sepsis, and cataracts are observed following intake of galactose in the neonatal period (3, 4) . Rapid symptom regression occurs with early initiation of treatment, but outcomes that affect life negatively in the short and long term may be observed (1) . Although the clinical picture mentioned above is found at one end of galactose-1-phosphate uridyltransferase deficiency, completely asymptomatic cases may be found at the other end. It is thought that this group of patients with partial transferase deficiency is observed more frequently compared with classic galactosemia. Most patients who are diagnosed as having galactosemia in neonatal screening programs are those with a high blood galactose level and/or reduced GALT enzyme efficiency. The fact that the disease manifests with varying degrees of clinical pictures may be explained by the different types of GALT enzyme, which is polymorphic.
Lactose, which is the main source of galactose, should be eliminated from the diet during treatment. Although limitation of galactose intake with the diet ameliorates the symptoms of feeding difficulty, hepatic dysfunction, muscular hypotonia, and cataract, it has been reported that disruption in cognitive functions, neurologic involvement, tremor, verbal apraxia, and hypergonadotropic hypogonadism (in girls) may occur in long-term follow-up under diet therapy (2) . The predominating view is that these disorders are caused by long-term exogenous galactose exposure and endogenous galactose production in the prenatal period.
Close monitoring is necessary in patients with classic galactosemia because of all these factors mentioned above (3) (4) (5) . These patients will remain on a special diet throughout their lives and it is recommended that they are followed up by a multidisciplinary team. This team should include a pediatrician experienced in metabolic diseases, a dietician, a neurologist, a child psychiatrist, a psychologist, an endocrinologist, an ophthalmologist, a speech therapist, and a specialist in genetics.
In this study, we aimed to evaluate the clinical, molecular, and genetic characteristics of patients with this congenital metabolic disease, which is observed more frequently in our country compared with the rest of the world.
Material and Methods
In this study, the outpatient clinic recordings of 14 patients who were diagnosed and followed up in the Ministry of Health Kanuni Sultan Süleyman Education and Research Hospital, Pediatric Nutrition and Metabolism Outpatient Clinic between 2009 and 2011 were used. Ethics committee approval was obtained from Bakırköy Women and Children's Education and Research Hospital Ethics Committee (29.4.2009/219) . Written informed consent was obtained from the families of the patients. The sex, symptoms at initial presentation, the time between symptom onset and diagnosis, birth weights, degree of consanguinity between the mother and father, familial history of similar disease, and history of operation because of cataract were recorded. The presence of findings at presentation including jaundice, dehydration, cataract, sepsis, fever, seizure, hepatomegaly, and ascites was evaluated. The following laboratory findings at presentation were examined: total bilirubin (studied using spectrophotometry; normal: 0.2-1.0 mg/dL), AST (normal: 4-40 IU/L), ALT (normal: 10-55 IU/L), glucose (normal: 50-90 mg/dL). The prothrombin time was studied using a coagulometer (normal: 11-15 s), activated partial thromboplastin time (normal: 25-35 s) and potassium (normal: 3.5-5 mEq/L) and sodium (normal: 130-150 mEq/L) values studied by the "ion selective electrode" in terms of Fanconi syndrome were recorded. Peripheral smear, C-reactive protein and hemoculture results were examined in terms of sepsis. Presence of reducing substance in urine and presence of galactose in urinary sugar chromatography were recorded. The results of the Beutler test were evaluated. GALT enzyme efficiencies in the erythrocytes were measured using spectroflourometry in all patients for making the definite diagnosis (normal: 4-12 µmol/mL). GALT1 gene mutations were investigated using exon 5, 6, 7, 9, and 10-specific E5F-E7R, E9F-E10R primers with DNA sequencing analysis in the peripheral blood samples. The body measurements (weight and height percentile values) of the patients during the follow-up period were recorded. Speech problems and mental developments were evaluated by the history taken from the family and Denver Developmental Screening Test II. In this study, the Statistical Package for the Social Sciences 10.0 (SPSS version Inc.; Chicago, IL, USA) was used for statistical analyses. All data are expressed as mean and standard deviation.
Results
Fourteen patients who were diagnosed as having galactosemia between the year of 2009 and 2011 were included in the study. Nine of our patients were male and five were female. The mean age was 35±29 months (range, 5 months-108 months) and the mean birth weight was 3230±640 grams. Different degrees of consanguinity were present between the mother and the father in seven patients. Consanguineous marriage was not present in the other seven patients. One patient had a family history of mortality of a sibling with galactosemia and another patient had a family history of a relative with galactosemia. First-degree consanguinity was present between the mother and father of a patient who had a family history of a lost sibling with galactosemia.
The mean age at the time of diagnosis was 17±8 days (range, 7-33 days). The reasons for hospitalization were as follows: jaundice in nine patients, hypoglycemia in two patients, sepsis in two patients, and increased transaminase levels in one patient ( Table 1 ). The mean age at the time of diagnosis was 17±7.2 days in the patients who presented with jaundice, 22±2.8 days in the patients who presented with hypoglycemia, and 9.5±3.5 days in those who presented with sepsis. The highest total bilirubin level was found as 30 mg/dL in nine patients with jaundice. In the assessment performed in terms of Fanconi syndrome, electrolyte disturbance was not found in any of our patients.
At presentation, eight of our patients had feeding difficulties and eight had vomiting. On physical examination, hepatomegaly was present in eight patients and ascites was present in three patients. The laboratory tests of our patients are shown in Table 1 . Nine of our patients had disrupted coagulation tests and eight had increased liver function tests.
The Beutler test was positive in all fourteen patients. The mean GALT enzyme efficiency was found as 0.36±0.26 µmol/mL. Four patients had cataracts at the time of diagnosis. In the follow-up of our patients, cataract regressed with diet therapy and surgery was not needed. Q188R mutation was found in 13 patients and homozygous N314D and homozygous E340X mutations were found in one patient (Table 2) . Heterozygous N314D and E340X mutations were present in the parents of the patient with this mutation.
The mean duration of hospitalization was 21±13 days (range, 6-50 days). Growth and development were examined in the mean follow-up time of 17 months (range, 4 months-2 years). At the final outpatient follow-up examination, body weight was found in the 3rd percentile in two patients, the 10th percentile in three patients, the 25th percentile in four patients, the 50th percentile in three patients, and in the 75th percentile in two patients. In the follow-up of height, height was found in the 3rd percentile in three patients, the 10th percentile in one patient, the 25th percentile in four patients, the 50th percentile in two patients, the 75th percentile in three patients, and in the 90th percentile in one patient.
In the final follow-up visit, neurologic development was evaluated using the Denver II Developmental Screening Test (DENVER II). DENVER II was found normal in eleven patients; one patient had delayed language and gross mo- tor development; one patient had delayed personal social development, delayed fine motor development, and delayed language development; and one patient was found to have suspicious personal social development and delayed fine motor development. The mean age at the time of diagnosis was 15.09±6.2 days in 11 patients who had a normal DENVER II, and 27.67±6.8 days in three patients who had an abnormal DENVER II. One of our patients was being followed up because of epilepsy.
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Discussion
Galactosemia is one of the carbohydrate metabolism disorders, which is inherited autosomal recessively. Although the disease is observed with the deficiency any of the three enzymes involved in the metabolism of galactose, GALT deficiency is observed most commonly. The worldwide incidence of classic galactosemia ranges between 1/40 000 and 1/60 000. In studies conducted in our country, the incidence was found as 1/23 775 (2, 5-7). In our study, the frequency of consanguineous marriage was 50%. In the study conducted by Öztürk et al. (6) , the frequency of consanguineous marriage was similarly reported as 57.1%. In light of these data, the fact that this metabolic disorder is observed more frequently in our country compared with developed countries may be related with consanguineous marriages. It is clear that raising public awareness of this issue and preventing consanguineous marriages is necessary.
The ages at the time of diagnosis were examined in many studies, and patients who were diagnosed in the first 15 days were defined as early diagnosed (8) (9) (10) (11) (12) . In our study, six of our patients were diagnosed in the first 15 days after birth and the remaining eight patients were diagnosed after 15 days. The mean age at the time of diagnosis was found as 17±8 days. Although the disease was symptomatic in the first weeks of life, a delay in diagnosis was observed. In a Turkish study conducted by Öztürk et al. (6) , the age at the time of diagnosis was 28 days, which was similar to our data. In the study conducted by Karadağ et al. (8) , it was reported that the mean age at the time of hospital presentation was 13 days. Henderson et al. (9) reported that 17 patients were diagnosed over a period of 21 years in the region of Cape Town in South Africa, the mean age at the time of diagnosis was 5.1 months. In the study conducted by Krantz et al. (10) with 148 patients between 1955 and 1995 in Germany, the rate of early diagnosis was reported as 57.8%. The rate of early diagnosis was recorded as 29% by Shah et al. (11) , and 61.5% by Schweitzer et al. (12) . The delay in diagnosis of this metabolic disease, which is not included in the neonatal screening program in our country, may be related with delayed presentation of patients, difficulty experienced by the primary care physician in making the diagnosis, and confusion of the clinical picture at the time of presentation with many other conditions.
The most common reason for presentation at the time of diagnosis was jaundice in our patients. Similarly, jaundice was also the most common finding in the study conducted by Öztürk et al. (6) . In the study conducted by Karadağ et al. (8) , jaundice was found in 86% of patients. However, patients with sepsis were diagnosed earlier compared with those followed up because of jaundice. Thus, we think that galactosemia should be considered when response to treatment is delayed in patients hospitalized in neonatal wards because of jaundice, not least because it is more prevalent in Turkey than in any developed countries.
Feeding difficulty and vomiting are observed commonly as a result of the clinical picture caused by the accumulated toxic metabolites in classic galactosemia. In this study, eight patients had feeding difficulties and six of these patients were vomiting in addition. Waggoner et al. (13) reported that among 240 patients, the frequency of feeding difficulty and vomiting was 76% and 47%, respectively. In classic galactosemia, clinical and laboratory findings related with liver disease are observed because of the toxicity caused by galactose-1-phosphate accumulated in the liver. At the time of presentation, abnormal coagulation tests were found in nine patients, increased transaminase values were found in eight, hepatomegaly was found in eight, and ascites was found in three. Shah et al. (11) reported the frequency of hepatomegaly as 41%, the frequency of jaundice as 82%, and the frequency of hepatic failure as 29%. In the study conducted by Coşkun et al. (14) with 18 patients, jaundice was reported with a rate of 77.7% and hepatomegaly was reported in 72.2% of patients. The most commonly involved organ is the liver in patients with galactosemia, in whom hepatomegaly and hepatic failure are reported frequently.
Ophthalmologic examinations should be performed carefully because cataracts are a common finding in patients with galactosemia. In our study, four patients had cataracts.
In the follow-up of our patients, cataracts regressed with diet therapy and surgery was not required. In the study of Karadağ et al. (8) , four patients underwent surgery because of cataracts. The mean age at the time of diagnosis was 17±2.8 days in our patients who were diagnosed with cataract. Cataract may improve when treatment is initiated in the first 2-3 weeks of life, but surgery is needed when treatment is delayed or when there is excessively increased opacity in the lens (1). Widger et al. (15) reported that cataract was found during follow-up in 14 of 100 patients with galactosemia. When compliance with diet was examined in these patients, no statistically significant relation was found between patients with and without cataracts.
The three classic mutations most commonly observed in the GALT gene include Q188R, K285N, and L195P (16).
The most common GALT mutation in our patients was the Q188R mutation and the mean enzyme level was found as 0.36±0.26 µmol/mL, which was found compatible with classic galactosemia. In a study with Turkish children by Seyrantepe et al. (17) , the most common mutation was the Q188R mutation, as with our patients. In the genetic study conducted by Murphy et al. (18) with Irish patients, the predominant mutant allele that caused classic galactosemia was Q188R with a rate of 93.6%. Steven et al. (19) evaluated 76 cases of classical galactosemia in the region of Pennsylvania, and the Q188R mutation was found at a rate of 77.6%. In the present study, homozygous N314D, homozygous E340X mutation was found in one patient. It was found that the parents of the patient were first-degree cousins and carried heterozygous N314D and E340X mutation. It is notable that these consanguineous parents carried two different heterozygous mutations, which caused galactosemia. The N314D mutation is observed in the Duarte variant, which is more benign compared with classic galactosemia (20) . The E340X mutation was first described by Gathof et al. (21) in 1995. They found N314D polymorphism accompanying E340X mutation in one of three patients who were found to have an E340X mutation. It was reported that the clinical prognosis was better in the patient who carried the polymorphism compared those with homozygous E340X. Shin et al. (20) showed that the N314D mutation was compound heterozygous in patients who carried E340X mutations and the enzyme level ranged between 0% and 0.5%. In the study conducted by Seyrantepe et al. (17) with 16 Turkish patients, one patient was found to have the E340X mutation. Schuster et al. (22) reported two Turkish patients from a single family who had galactosemia in 1998 in Germany, presence of E340X mutation was reported in one female patient who presented with a severe clinical picture and was followed up with mental retardation. In this patient, N314D polymorphism, which causes the Duarte variant, was also shown on the same allele as in our patient.
The mainstay of treatment in galactosemia is composed of elimination of galactose, a monosaccharide found in the structure of lactose. Breastmilk, cow's milk, and formulas contain a significant amount of lactose thus galactose; therefore, they should not be given to these patients. In infancy, formulas containing lactose-free casein hydrolysates or separated oligosaccharides can be used. Exogenous calcium and vitamin D supplementation is also required to prevent reduction in bone mineralization in patients with galactosemia. Patients with GALT and galactokinase deficiency are followed up with measurements of erythrocyte galactose-1-phosphate levels and urinary galactitol levels (23) . During follow-up, growth of patients with galactosemia should be monitored closely as in our patients, and the weight and height values should be kept between the 10th and 90th percentiles appropriate for age.
It has been reported that prenatal growth is normal, but postnatal growth is affected in galactosemia and this is related with decreased IGF-1 and IGF-BP-3 levels (24). Similar to the literature, the mean birth weight was found as 3230 g±640 g and prenatal growth was observed as normal. However, growth and developmental retardation was not found in the follow-up of our patients. It is thought that this may have arisen from the fact that the age distribution of our patients was relatively narrow (5-108 months) and long-term follow-up is required for a more definite judgement. Patients should also be closely monitored in terms of neurologic, endocrinologic, and psychosocial aspects. When the patients were evaluated with DENVER II in accordance with these recommendations, motor and personal social developmental retardation was found, but IQ values could not be measured. In the study of Shield et al. (25) with 34 patients, the mean total IQ was 79, the mean performance IQ was 79, and the mean verbal IQ was determined as 82. In their study, it was reported that mental retardation was related with genotype rather than metabolic control. Some studies emphasized that mental retardation and neurologic complications were not only related with genotype or galactose-1-phosphate level and other factors may be involved (26) . IQ assessment could not be performed in our study because the mean age of our patients was 36 months and long-term follow-up is necessary to determine IQ values.
In the United States of America (USA) and in many countries in Europe, galactosemia has been included in neonatal screening programs. In our country, phenylketonuria, congenital hypothyroidism, biotinidase deficiency, and cystic fibrosis are included in the neonatal screening program, but galactosemia has not yet been included in this scope. In the article of Porta et al. (27) , in which they shared their 30-year experience, it was emphasized that neonatal screening performed in the first five days prevented acute worsening related with classic galactosemia. In another study conducted in the USA, it was reported that very few patients with a worsened clinical picture due to galactosemia were seen after galactosemia was included in the screening program (28) . Polak et al. (29) reported that the neonatal screening program conducted in Austria enabled detection of this rare disease in many newborns.
In a cost-effectiveness study conducted in Brazil, inclusion of galactosemia in the neonatal screening program was found more cost-effective (30) . Although the disease is symptomatic in the first weeks, accurate diagnosis is considerably delayed in our country, as seen in this study. The fact that the diagnosis is delayed in our country, even though it is observed more commonly compared with developed countries, renders galactosemia a significant public disease. We think that inclusion of galactosemia in the national neonatal screening program will be a realistic solution for this public problem.
